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INTRODUCTION

At established ocean test ranges the US Navy and Air Force are faced with the
regular loss of experimental and exercise ordnance. Objects most commonly lost are
prototype and exercise mines, torpedos and air-to-surface missiles, missiles that
impact in planned or unplanned areas near their launching sites, and moored ocean-
ographic instruments. A large number of these objects are lost in water deeper than
300 feet. Current recovery methods are subject to certain fundamental limitations.

In waters shallower than 300 feet divers are the common means for recovery.
Suhrecover3, is sharply limited by environmental conditions and thle physiological

effects of depth on man.

In deepei waters manned submersibles are commonly employed for search and
recovery missions. To date there are 16 submersibles with operating depths greater
than 1000 feet and cruising speeds of less than 3 knots. The original cost of a
submersible is very high due to the necessity of providing safety features, life
support systems, and high reliability of vital systems. High winds and seas severely
restrict or force the cancellation of search efforts involving submersibles. Under
high-motion conditions at the air-water interface, the launch, recovery, and support
of submersibles are hazardous at best.

Unmanned submersibles, which are generally smaller and less expensive than
manned vehicles, still share the problem of dependency on mild sea conditions for
efficient deployment. The tethered vehicle CURV (Cable-Controlled Underwater
Recovery Vehicle) has an operating depth capability of 2500 feet, with an effective
operating radius of 600 feet, and is to date the most common device used to find
pingered torpedoes in test ranges.

Surface vessels, which provide support to both manned and unmanned submer-
sibles, are essential to a variety of functions involved in locating and raising an object
lost at sea. An acoustic locating device on a surface ship can effectively detect a
cooperative target: the position derived from such a detection, however, is not likely
to be precise because of the degradation of the target signal a. it . through the
water.
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Finally. the major problems associated with finding and raising lost objects are
difficult and costly to solve. These problems are centered in the following areas:

* surface weather

surface and subsurface navigation

* effects of current

* bottom topogranhy

* limitation of divers

* underwater visibility

* target classifications

Marine mammals possess certain physiological and sensory capabilities which
allow them to function better than man and his equipment in the marine environ-
ment.

Several open-ocean studies, deep-dive-training studies, and diving-physiology
studies were conducted with marine mammals at Point Mugu, California. prior to the
opening of the NUC Hawaii Laboratory in 1967 (Ref. 1-4). Sea lions were trained
to wear harnesses and on command to dive to and touch acoustic devices at various
depths (Ref. 5). Dolphins were trained to dive to similar acoustic devices and to carry
a variety of marking devices to various types of pingered objects. Results of these
studies indicated that both dolphins and sea lions could dive to and mark objects
below 500 feet.

In an attempt to produce a marine mammal olution to deep ocean recovery
problems. Project Deep Ops was initiated at NUC, Hawaii, in 1969. The program was
designed to determine first, the maximum deep dive capabilities of trained whales
wearing harnesses and carrying hardware and, second, the feasibility of using these
animals to mark and recover pingered objects from the open ocean.

From prior knowledge of the diving and feeding behavior of toothed whales it
was estimated that killer and pilot whales could be trained to dive to depths of at
least 1000 feet and possibly to depths as great as 3000 feet. The basic ability of
killer whales and pilot whales to learn fairly complex tasks had been demonstrated
in oceanaria and at naval bioscience facilities. Ishmael, one of the killer whales used
in the project, had undergone basic training at the Navy Marine Bioscience Facility
at Point Mugu. where he had been released several times into a large lagoon and
recalled to his pen.



Early concepts for the development of Project Deep Ops envisioned a system in
which whales would be trained to mark and recover pingered objects in deep ocean
waters. In the final system a whale would follow a support boat from a shore base
installation to a work area in the open ocean. There the animal would be command-
ed to take a device and dive to a pingered target. Upon reaching the target the
animnal wou!d place the device on the target (torpedo) to initiate the recovery
process.

At the inception of the program whales had never before been worked in the
opeal ocean. The success of Project Deep Ops depended largely on the successful
training developiment of conditioned animal behaviors such as open-ocean boat-
follow and recall response, deep diving on command, and device toleration and
manipulation. Equally important was the development of the associated hardware.

This report will be divided into two major sections: Animal Conditioning and
Hardware Deyelopment. The first will cover individual animal history, training
methods, and some facets of facilities and hardware as they relate to the animal
conditionilg process. The second will deal specifically with the. evolution of animal
associated hardware, and will include some descriptions of the animal training that
influenced the development of this hardware. Several appendi.4es are included to
provide supplementary material. Appendix A describes whale capture and transport
techniques. Appendix B describes the work craft used in the whale training exer-
cises. Appendix C documents the whales' nutrition, health, behavior, and perfor-
mance. Appendix D prescrts information about the personnel involved in the Deep
Ops program.

BIOGRAPHICAL SUMMARIES

Two killer whales (Orcinus orca) and two pilot whales (Globicephala s;mwioni)
were procurd for Project Detvp Ops (Table I).

fable I. Whale size. sex, and eastimated age at capture.

Name Sex Capture date Age, yr 4Welght, lb Length, ft

Killer Wital.s
Ahab• N Oct 1968 9-10 i.500 19
14nmaei M Oct 1968 6-7 4,500 17

Pilot whLaks
Morgan M Oct 1968 (-7 i,2t1 V
P;p M J!n 1970 6-7 1,200 12

K 3,, ,, ,t , -il



Ahab and Ishmael were captured in the vicinity of Seatt'e, Washington, by the
Seattle Public Aquarium and were shipped to Point Mugu, California, where they
were used for several months in physiological research studies under the direction
of Sam H. Ridgway, DVM.

Ahab was acquired by the Navy on 5 October 1968 and was shipped to Point
Mugu on 22 October 1968. By mid-June 1969 Ahab would retrieve an air-filled ring,
tow a swimmer, allow handling and brushing, permit his eyes to be covered, and
respond to an underwater bridge (2.8 kHz) and a recall buzzer (10 kHz). While at
Point Mugu. he was kept in a circular concrete pool having a diameter of 50 feet and
a depth of 8 feet. Ahab was shipped to Hawaii on 22 October 1969 for use in
Project Deep Ops. He was trained in all system behaviors and worked in the open
ocean, where lie dove to a maximum depth of 850 feet. Ahab's open-ocean training
was discontinued in June 1971 because of behavioral control problems and a lack of
time to correct these problems before project termination.

Ishmael was shipped to Point Mugu with Ahab on 22 October 1968 and was
also housed in the 50-foot-diameter circular tank. On 19 May 1969 he was
transferred to a 40x60-foot floating pen anchored in Mugu Lagoon. Initially he was
disoriented and took 5 days to adapt to the new enclosure. Basic training was started
on 24 May 1969, and during the follow;ng months Ishmael was trained to station.
allow handling, respond to a recall buzzer (9 kHz), retrieve an inflated ball with
attached ring, swim through a I Ox 10-foot gate, hold his breath and exhale on
acoustic command, and follow a 9-foot outboard skiff.

On 8 December 1969 Ishmael was released into the Mugu Lagoon for the first
time. His initial reaction to open water was quite similar to that of smaller trained
cetaceans. which when faced with a new situation tend to retreat to familiar territory.
Ishmael immediately attempted to return to the floating pen.

Basic training and open bay work was terminated at Point Mugu on 17 Decem-
ber 1969 prior to Ishmael's transfer to Project Deep Ops, NUC, Hawaii. Ishmael was
tiran-ported to Hawaii on 8 January 1970 .nd started on a muitiphase training
program. He ",%-,- vonditioned to perfurm the majority of the system behaviors and
attained a maxi.mum dive and deploy cepth of 500 feet.

On 19 February 1971 Ishmael was lost during an open-ocean training exercise.
Several days were spent searching for him wit'i surface craft and helicopters. (This
event is dlescribed ;,: detail later.)

Morg•i and Pip, weie capturei off the coast of southern California in the
Catalina Channel. Morgan was caught by Morris Wintermgntle. a marine mammal
collector- working for NUC at Point Mura. Pi, wa*s pr-cured from Marineland of the
Pociic. '-s Angeles, Czlifornia.

4



After capture in October 1968 Morgan was kept in the 50-foot-dianmeter vool
at Point Mugu. During his 60-day stay at the Point Mugu facility some blood clem-
istry studies were done with him. This work involved stranding the animal by lower-
ing the water level, then drawing blood samples.

Basic training and handling were not initiated with Morgan until after he was
shipped to NUC Hawaii on 9 December 1968. Morgan was trained on all Deep Ops
system behaviors, and lhe dove to a record depth of 1654 feet. His training was
completed in late October 1971.

Pip was one of seven animals captured by Marineland of the Pacific during
January and February 1970. During this period there was an unexplained high
mortality rate among these newly captured whales (six died). On 3 March 1970 Pip
was shipped to Hawaii, eating and in apparent good health. Basic training was
initiated shortly after his arrival, and through the first 10 months of 1970 several
phases of basic and intermediate training were completed. His training was hampered
at times by his inappetence and lethargic behavior. His abnormal behavior was later
attributed to a chronic lung infection which he apparently contracted before being
shipped to Hawaii. The animal died on 12 December 1970. The results of a post-
mortem indicated that a massive lung infection (Proteus sp.) had existed for sonic
time prior to death.

ANIMAL ENCLOSURES

Over the past 5 years a number of dolphins have been housed and trained in
fenced bay and lagoon enclosures and in ocean pens. Killer whales captured in tile
Pacific Northwest have been housed in fenced enclosures for relatively short periods
before being transferred into tank facilities. If pilot whales have been kept in
floating pens or fenced enclosures, it has yet to be reported.

The majority of all captive marine mammals have been housed and trained in
concrete tanks. Because of the extreme cost of constructing and maintaining such
enclosures, they are usually built to minimum size and depth. The size of available
work space greatly influences the kinds of behavior that the animal can be condi-
tioned to perform.

The housing of marine mammals in fenced ocean pens. as employed at NUC.
Hawaii, is a concept common to few biological facilities. Ocean enclosures have been
used at NUC. Hawaii. for nearly 4 years with low maintenance costs and excellent
animal health. Simplicity and low cost have allowed the construction of very large
enclosures. These enclosures, in turn. have allowed the maintenance of pilot whales
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and killer whales in large, open areas, where normal behaviors are more likely to be
exhibited.

For the holding and training of Deep Ops whales, an enclosure complex was
constructed from September through December 1969 on the western tip of Mokapu
Peninsula (Fig. 1). This complex is located in an ideally situated coastal indentation
(known locally as Sag Harbor). Bounded on the north and east by shoreline and on
th, west by shallow reef, this area of approximately 9 acres opens to the south into
Kaneohe Bay and a sea channel. Water depth averages 20 feet and most of the
bottom is of coral silt. Water visibility varies from 2 feet to 10 feet.
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Four Il00x I100-foot whale pens were built first (Fig. 2 and 3). For fencing
supports, 3-inch-diameter pipes were driven into the bay bottom at 15-foot intervals.
Galvanized steel fencing (of 6-inch mesh. I I gauge) was then attached to thle pipes
to complete thle enclosures. At high tide the posts and fenice top extend about I foot
above the water surface.

A, I

Fi'gure 2. Whale pens and T-picr at Sag Harbor.

,. reef!,,% i..$'

Figre . ag aror n lal g fcitrinig ee

enclosu7
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Three-foot-wide wooden walkways were built atop the fence posts separating
pens I and 2 and pens 3 and 4. At the end of one of the walkways, a T-pier was
constructed to allow the moorage of small boats.

To facilitate movement of the whales from enclosure to enclosure, I Ox 1 0-foot
nyloni net curtain gates were installed between pens and between the pens and the
lagoon arca. These net gates opened and closed by sliding up or down on vertical
pipes. This style of gate was used for about 1 year until most of them were damaged
by the whales "nosing" or chewing on them. After being in place for 18 months,
most of the pen mesh was heavily overgrown and corroded, and was replaced. At
this time the net curtain gates were replaced with vertically sliding "guillotine"
gates. On the new gates a I Ox I 0-foot-square piece of 6-inch mesh wire mounted on a
pipe frame replaced the nylon netting. These gates were heavier and required a
pulley and hand winch for closure, but were sturdier and less susceptible to biologi-
cal and mechanical fouling.

In February and March 1970 a large enclosure measuring 540x600 feet was
built by enclosing the lagoon area adjacent to the whale holding pens. Fence posts
were spaced at 30-foot intervals and 6-inch mesh galvanized wire was used. A large
nylon net curtain gate put into the bay side of the enclosure, was large enough to
allow the passage of work boats. All four holding pens opened into the enclosure,
and the area was used extensively for intermediate and advanced training preceding
the open-bay release of the whales.

In the wild, whales and dolphins keep their skin clean by swimming rapidly, by
jumping, and by rubbing against one another. When kept individually in captivity
they commonly rub against barnacle-encrusted objects. To minimize this problem,
heavy ropes were supplied for rubbing. In the center of each pen at Sag Harbor a
large float was buoyed tautly to a 2000-pound block of concrete. A length of 5-inch
manila hawser was tied on one end to the float and on the other end to a secure
object on shore. The use of a heavy hawser minimized the chance of an animal
becoming entangled in the line while rubbing.

For water-level access to the animals for training and feeding activities, 9x5-
foot floating platforms were constructed by covering six-man balsa wood life-rafts
with sheet plywood. The life-raft rings were sealed with fiberglass, and held up well
under continual immersion. The low profile of the platforms enabled movement
from pen to pen through the low-overhang gates.

In 1969 while Morgan was undergoing basic training he was kept for one month
in a floating 40x20x8-foot wire mesh pen adjacent to the Hangar 102 animal
facilities (Fig. 4). The 160x I 00-foot enclosure at this facility was similar in design to

L8
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Figure 4. Hfangar 102 animal facilitics.

the pipe and wire pens being built at Sag Harbor. Morgan was moved from the
floating pen to the large enclosure in January 1969, where he remained until
October 1969, when he was movcd to the Sag Harbor fi:cilities, which were in the
final stages of completion. See Steele (Ref. 6) for further details on NUC's marine
mammal facilities.

ANIMAL CONDITIONING

Conditioning Techniques

Standard operant conditioning techniques were used to tra;n the Deep Ops
animals. The primary reinforcer used to condition each behavior was food (fish).
Most of the behaviors were shaped by using differential reinforcement to approach
progressively closer approximations of the desirable behavior. Attempts were made
to minimize errors by the animal and thus maintain a high positive response level.
Successive approximations resulted in a conditioned behavior, such as taking and
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holding a mouthpiece. Once a basic behavior was attained, it could be chained
(linked) with other behaviors until a complex behavioral task was produced, such,
for examplc, as taking a practice grabber. diving to a target. deploying the device.
and returning the mouthpiece to the trainer. As an animal gained proficiency in the
execution of a chained behavior, the primary reinforcement would be presented,
generally only if the chained behavior was completed. If an animal's performance of
*a specific link of a chained behavior broke down, the reinforcement criterion was
temporarily relaxed, and retraining was undertaken until desired performance levels
were reestablished.

During preliminary training phases, time-outs (the absence of stimulus or
reinforcement) were used to improve an animal's performance. Time-out breaks
usually averaged 5 to 10 minutes. On rare occasions, however, when an animal's
motivation and response levels were extremely low, his diet was reduced or he was
denied food for 24 hours. These deprivations usually produced a higher level of
motivation on the following day.

During the initial gate training process, aversive stimuli (crowding nets) were
used on two of the whales. A previously conditioned positive stimulus (recall pinger)
was presented simultaneously with the aversive stimulus. Wnen the desired behavior
was exhibited (gate pass-through), the primary reinforcer (food) was given.

The use of punishment as a conditioning technique was avoided except in one
case where mild electrical shock punishment was used to dissuade the pilot whale
Morgan from rubbing on boat hulls and channel buoys.

Reward frequency through the preliminary training phases was generally
presented on a one-to-one basis (one reward for one properly executed trial). For
completion of a particularly difficult task (such as a 1 500-foot dive) the magnitude
of the reward was commonly boosted. For Morgan a "routine" reward was one or
two squid, smelt, or mackerel. A "good" reward was a handful of squid or smelt (5
to 10). or several mackerel (3 to 5).

The killer whales were fed a diet consisting of equal portions of mackerel (with
an average weight of 10 ounces each) and bonito (with an average weight of 5
pounds each). Differences in each animal's preference for these two fish provided a
variety of reward possibilities. A routine reward for Ishmael might be a piece of cut
bonito (I pound), and a good reward several mackerel. For Ahab. who preferred
bonito. a routine reward would be one or two mackerel, and a good reward a whole
bonito.

As open-bay and ocean training progressed (and the animals had reached

I0



criterion levels on most behaviors) the animals were worked over longer distances,
and each task became more time consuming. Under these conditions the periods
between rewards were generally lengthened. For example, during preliminary
boat-follow training, rewards were given every 30 seconds; during oper acean
sessions, boat-follow reward intervals were extended to 3 to 20 minutes. Each dive
and deploy trial during the in-pen training was completed in 2 or 3 minutes, and here
too the animal was rewarded frequently; for open-ocean dive and deploy in deep
waters a complete trial cycle commonly ran 15 to 20 minutes. In this situation the
whales were given good rewards immediately after surfacing. While waiting to take
the practice grabber for another dive the whales were given routine rewards every 2
or 3 minutes.

Total food averaged 60 pounds per day for the pilot whales and 100 and 125
pounds respectively, for the smaller and larger killer whales. On weekdays it was
general practice to attempt to feed each animal his ration of food during or imme-
diately following training sessions. On weekends each animal was fed his daily ration
in one midmorning session.

I
Preliminary Training

The whales' basic training involved several phases of adaptation and condition-
ing, such as hand feeding, recall training, stationing, in-water handling, enclosure
adaptation, boat following, gate training, and harnessing. These behaviors are
generally required for most follow-on training programs. Basic, intermediate, and
advanced training involved a great number of behaviors, many of which were broken
down into subbehaviors (see Table C-3 in Appendix C).

Basic Adaptation. All newly captured animals undergo a basic adaptation
phase. This is a period of adjustment to captivity that animals require before they
will eat dead food. This period can vary from I to 30 days, with the average being 4
or 5 days.

Generally when cetaceans are caught and placed in captivity they are exceed-
ingly vocal. They circle their enclosure at varying speeds, often emitting clearly
audible vocalizations. A specific class of these vocalizations is probably distress
signals. These signals diminish quite rapidly in I or 2 days as the animals begin to
adapt. A specific conditioning process begins when the animals have adapted to
captivity and eat 100% of their daily ration.

Ahab, the first killer whale to be transported to Hawaii, arrived aboard a (C-141
Starlifter aircraft on 22 October 1969. Hie was off-loaded onto a flatbed truck and
taken to Sag Harbor. where a large crane was used to lift the animal and stretcher

11



clear of the transport sevice and into the water (Fig. 5). Divers detached the
stretcher from the lifting bridle and assisted the animal out of the stretcher. The
loading, transport, and off-loading procedures were handled much the same with all
four whales. Each animal behaved basically the same after being placed in a new
enclosure. In general, after being freed from the stretcher they immediately began
circling their enclosure. At no time did the animals run into the pen sides in the large
enclosure, even though water visibility was very poor. When Ishmael was off-loaded
it was completely dark and he circled his pen rapidly, but quickly settled down to
"converse" with Ahab, who was in the adjoining enclosure.

Since killer whales do not normally range into semitropical waters, Ahab and
Ishmael were brought to Hawaii on separate transports in the event of possible
acclimation problems.

Figure 5. Ahab supendcd in .trctcher.

12



The first whale to begin training was Morgan. Upon arrival he was placed in a
wire floating pen which was 40 feet long, 20 feet wide, and approximately 8 feet
deep. The pen adjacent to the Hangar 102 animal facilities, was used as a temporary
holding facility until a larger training area could be built. Since there are no records
of pilot whales having been housed in wire floating pens, there was concern that he
might swim into the pen's sides. Newly captured pilot whales do not appear to be as
sensitive or aware of new surroundings or obstructions as dolphins or killer whales,
possibly because of visual acuity differences or differing echolocation abilities.
Immediately after being placed in the pen, Morgan was stiff and disoriented, and he
bumped the sides several times, but after about 10 minutes he was swimming
normally. As pilot whales adapt to captivity, their sensitivity to obstructions and
environmental stimuli becomes quite acute, equal to and in some areas possibly
surpassing the sensory abilities of dolphins and killer whales.

During the time the Hangar 102 training area was being completed Morgan was
kept in the floating pen, which was anchored approximately 100 yards offshore.
Upon completion of the training area on 26 January 1969, the floating pen was
towed in next to an access gate of the new area. The end of Morgan's pen was cut

open, but he could not be enticed out of the floating pen, so it was necessary to use
a chain- link crowding net to force him into the large enclosure. Once inside, he I
rigidly swain in small circles in a remote corner of the enclosure. Several times each
day a trainer would row a small boat out near the animal's swimming area and toss
him food in varying locations to gradually condition him to come farther and farther
out of the corner.

Recall and Stationing. Morgan was soon conditioned to the fact that he would
not be fed in the corner, and he began moving about the pen more freely. A 100- to
200-Hz recall buzzer had been introduced to Morgan when he was in tile floating
pen and its use was continued in the large area; the animal was required to
bump the sound source with his head when it was put in the water. It took 28
training days before Morgan would respond to the recall buzzer from or to anywhere
in the pen. Once recall training became reliable, it enabled more control over the
animal. A floating platform was placed in the pen for use as a training station, and
most subsequent in-pen training was accompli-hed from this type of platform.

The next step in training involved getting the animal to touch a recall buzzer
and then to hold station for short periods. The natural tendency for animals when
first introduced to this type of training is to approach and bump the recall buzzer
and then continue moving rather than remain at station.

Several methods were used to establish stationing after the recall buzzer had
been touched: (I) the animal was required to hold his head against the recall buzzer
until a bridge (whistle) was sounded; (2) the recall buzzer was placed in positions
which required the animal to stop to touch it (as in corners or against the side of a
pier), (3) the animal's reward after touching the recall was either delayed slightly or
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Gate Training. Gate training, as experienced with dolphins, is commonly a
difficult and time-consuming process. In their natural environment cetaceans very
rarely encounter solid barriers of any sort (such as the shoreline, steep escarpments,
thick seaweed growths, and large boats), and their normal reaction when presented
with such obstacles is to swim around or under them, not through them. Swimming
through a gate is apparently a relatively difficult experience for a newly captured
dolphin, and for the first few passes the animal normally needs to be pushed through
with a crowding net and rewarded heavily after each such experience. Thereafter,
several days and sometimes weeks of training sessions are devoted to coaxing the
dolphin through the gate with a recall pinger and fish rewards before he will routine-
ly pass through a gate immediately after being commanded to do so.

In mid-June 1969 gate training was initiated with Morgan at the Hangar 102
training area. A 20-foot section of fence was extended perpendicularly from the
enclosure fence in 4-foot-deep water and a (-foot-wide opening was put in the fence
to simulate a pen gate.

Next, Morgan was trained to approach the opening and touch the recall buzzer.
On successive trials the buzzer was moved farther and farther through the gate
opening until Morgan passeI through entirely. Surprisingly this first passage
occurred after only I hour of training effort. A difficulty of short duration was
experienced in the training that followed, for rather than return through the gate on
command, Morgan would instead swim around the open end of the fence section to
touch the recall buzzer. Eventually, by waylaying and maneuvering him with the
buzzer immediately after his first passage, the trainers were able to get him to turn
and pass back through the gate without "cheating." Thereafter, Morgan adapted
quickly to passing through gates between enclosures and balked only at reentering a
floating pen in which he was towed.

This latter reluctance came about in the following manner. In preparation for
Morgan's move to the new training area in Sag Harbor, a 20x20 floating pen was tied
parallel to the fence in the Hangar 102 training area. Morgan was swimming in and
out of this pen in less than I day's training. On 24 October 1969 Morgan was called
into the floating pen, and the gate was closed. The pen was lashed alongside an LCM
work craft and was towed to Sag Harbor. Morgan did not appear too upset by the
towing experience: during the following weeks, however, he refused to reenter the
floating pen voluntarily. He reentered the pen only when he was tricked into it by
various methods, such as when a large amount of fish were thrown in front of him
when his head was partially in the pen. Attempts to train him to enter the floating
pen voluntarily were abandoned in mid-December 1969. A much larger, deeper
enclosure would be required to establish and maintain that behavior.

With the killer whales, gate training was done at the Sag Harbor facility. Since at
this location I Ox I 0-foot sliding gates connected the individual enclosures, it was
hoped that the spaciousness of the general situation would enhance the gate-training

&15



procedure. Both Ahab and Ishmael, however, were very slow in their responses to
gate training. Several cumbersome efforts were made to crowd them throurfh the
gates with long nets. Often after making a few "voiunteered" passes thro,.gli the
gate the animal, on the next day of training, would refuse to go near the gate. Some
of these regressions were apparently a result of tra:"na when the whales scraped
their dorsal or pectoral fins on the boundaries of the gates. Appioximately 30 days
of training were required to establish a reliable level of gate-passing performance for
both killer whales.

Ishmael was reported to have undergone gate training prior to and during his
releases from his pen in the Mugu Lagoon. This previous experience did not appear
to carry over to his gate training at Hawaii. Basic retraining was required, and his
progress was at times behind that of Ahab.

Harnessing. Before each whale was released into the open bay and ocean, it was
required to wear a harness-pack with tracking transmitter. During open-ocean
training sessions it was almost impossible to maintain visual contact with the animals
when their range exceeded 200 yards from the training platform. The pack-mounted
tracking transmitters permitted the trainers to stay close to the animal if control was
lost or reduced during the work session.

The same basic training approaches were used to condition all three whales to
wear harnesses and packs. They were first trained to swim into rope loops, which
were later replaced by various types of strapping material. From the onset of harness
training it was obvious that training the whales to accept harnesses was going to be
much easier than it had been training dolphins for the same task. The whales never
objected to being touched with ropes or straps: even when the straps were locked on
firmly, they did not object. The only problem that occurred with Morgan, although
he was always easy to harness, was that ie seemed to be severely irritated when
packs were placed over his dorsal fin, and he developed a bad habit of rubbing
against boat hulls, ropes, buoys, and the ocean bottom while wearing a dorsal pack.
Much effort was devoted to the design of a suitable pack for him. A major break-
through occurred in early August 1970, when a pectoral fin harness was developed
which placed the backpack between his blowhole and dorsal fin (Fig. 7). Morgan
readily accepted the new harness, and his rubbing behavior was greatly reduced.
Morgan's harnessing was accomplished by slipping the harness and pack over his
head, rolling him over, and securing the three harness snaps.

The harnesses and packs developed for Ahab and Ishmael were similar except
for size differences (see Hardware Development section). A dorsal pack was attached
to each of the killer whales with a be.lly band, which was tightened and secured with
a cargo ratchet and locking mechanism.

The harnessing of the killer whales proceeded as follows. A weighted rope was
thrown in the water, and the animal swam into the rope loop. The pack's strap was
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